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STEEL SHEET ASSEMBLY, METHOD OF
MANUFACTURING STEEL SHEET
ASSEMBLY, AND SPOT WELDING PROCESS

RELATED APPLICATION

This 1s a divisional of U.S. Ser. No. 15/545,757, filed Jul.
24, 2017, which 1s a § 371 of International Appheatlen No.
PCT/IP2016/000328, with an international filing date of Jan.
22,2016, which 1s based on Japanese Patent Application No.
2015-018099, filed Feb. 2, 2015, the subject matter of which
1S incorporated by reference.

TECHNICAL FIELD

This disclosure relates to a steel sheet assembly obtained
by joining a plurality of steel sheets by a joining method
using a combination of an adhesive and welding, having
excellent performance including high strength, high rigidity
and the like and also relates to a method of joiming the same.

BACKGROUND

In recent years, as requirements for improvements in
automotive fuel efliciency and crash safety have been grow-
ing, both automotive weight reduction and shock absorption
properties have been needed. In addition, requirements for
improvements in driving stability and the like are currently
growing and therefore further improvements in automotive
rigidity are needed. To realize such requirements, a high-
strength, high-rigidity design in which gauge reduction of a
steel sheet by the use of a high-strength steel sheet 1s
combined with application of a light metal such as an
aluminium alloy to an automobile body 1s promoted and,
along with that, improvements 1n the strength and rigidity of
joints are being needed.

A resistance welding process typified by spot welding 1s
a joining process which 1s low-cost and has high production
elliciency and therefore 1s used 1n various industries includ-
ing the automobile industry. With the expansion of the
above-mentioned needs for improvements 1n rigidity, a weld
bond process using a combination of bonding and spot
welding 1s being increasingly used. This 1s because changing
a jo1int from those by spot joining to line joining, and further
face joiming increases the rigidity of members as well as
jo1nts.

The weld bond process, as compared to joining by bond-
ing only, has an advantage that a joint improved 1n 1mpact
strength, high-temperature strength, creep resistance and the
like can be formed. Furthermore, the weld bond process, as
compared to joining by spot welding only, has advantages
that fatigue properties, rigidity and the like are improved and
corrosion resistance also 1s improved because sealing prop-
erties are imparted to a joint. Because of these advantages,
the weld bond process 1s being increasingly used in steps of
manufacturing automobiles.

In the weld bond process, each material to be joined 1s
joined through steps of such as application of an adhesive to
a faying surface, lapping, spot welding, and curing an
adhesive. Therefore, the materials to be joined are retained
with a spot weld only until the adhesive becomes cured. In
addition, when the materials to be joined are heated for the
purpose ol curing the adhesive, thermal stress 1s induced in
a joint because of the difference 1n thermal expansion
coellicient from the maternial to be joined so that various
stresses are applied to the joint until the adhesive 1s cured.
Therefore, joints formed by spot welding need to have
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strength suflicient to withstand these stresses. Furthermore,
the impact strength, high-temperature strength and the like

of a weld-bond joint aflect the strength of the spot weld and
therefore the spot weld needs to have high strength.

The techniques below have been proposed to solve these
problems. For example, Japanese Unexamined Patent Appli-
cation Publication No. 8-118031 proposes a method 1n
which a good nugget 1s ensured and necessary bond strength
1s maintained such that a material to be welded 1s heated to
50° C. to 170° C. prior to the pressing operation of spot
welding and then welded. Japanese Unexamined Patent
Application Publication No. 8-206845 proposes a method in
which conductivity during resistance spot welding 1s made
good, melting failures are prevented, a good nugget is
ensured, and suflicient joint strength 1s obtained by using an
adhesive which 1s a thermosetting epoxy resin containing
one or more additives such as conductive powdery, scaly, or
flaky metals, metal oxides, metal carbides, metal nitrides,
and metal silicides.

However, the method described 1n JP 031 has a problem
that the increase 1n number of steps causes cost increases
because steel sheets need to be heated prior to welding. In
the method described in JP 845, although a weld having a
stable nugget diameter can be obtained by ensuring conduc-
tivity, the reduction in number of welds and the effect of
increasing the strength of a weld itself are not obtained
because the strength of a weld 1s equivalent to that of a
conventional one.

SUMMARY

We provide an assembly (steel sheet assembly) capable of
obtaining suflicient bond strength by increasing the strength
of a weld 1tself even when the bond strength of an adhesive
1s reduced.

The amount of C in a nugget can be increased by
application of an adhesive and a carbon-supplying agent and
by approprately controlling the shape of the tip of an
clectrode and welding conditions during spot welding. This
increases the strength of the nugget to enable the strength of
a joint to be 1ncreased.

Hitherto, 1n a weld bond process using spot welding,
many investigations have been made focusing on how to
discharge an adhesive from a faying surface to obtain a
stable nugget diameter. However, 1n our method, carbon 1s
supplied to a weld by applying an adhesive and a carbon-
supplying agent and the discharge of adhesive and the
carbon-supplying agent 1s controlled. This enables a weld to
be stably formed and the strength of a joint to be further
increased as compared to when mixing of adhesive and
carbon-supplying agent 1s avoided.

We thus provide:

[1] A steel sheet assembly includes a plurality of lapped
steel sheets having a composition contamning C: 0.4%
or less, S1: 3.0% or less, Al: 3.0% or less, Mn: 0.2% to
6.0%, P: 0.1% or less, and S: 0.07% or less on a mass
basis, the remainder being Fe and inevitable impurities,
and having a tensile strength of 1,470 MPa or less and
a thickness of 0.3 mm to 5.0 mm, the steel sheet
assembly being formed by applying, in advance, an
adhesive and a carbon-supplying agent to a surface of
cither or both of the steel sheets to be lapped and then
welding the steel sheets. A weld of the assembly has a
nugget diameter of 2.8Vt (mm) or more, where t
denotes the thickness of a thinner one of the steel sheets
on both sides of a weld iterface. The amount of C 1s
increased by 0.02% by mass or more as compared to
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the steel sheets before being applied with the adhesive
and the carbon-supplying agent.
[2] In the steel sheet assembly specified i Item [1], the

composition further contains one or more selected from
Cr: 0.05% to 5.0%, V: 0.005% to 1.0%, Mo: 0.005% to

0.5%, Ni: 0.05% to 2.0%, Cu: 0.05% to 2.0%, Tx:
0.01% to 0.1%, Nb: 0.01% to 0.1%, B: 0.0003% to
0.0050%, Ca: 0.001% to 0.005%, and a REM: 0.001%

to 0.005% on a mass basis.

[3] In the steel sheet assembly specified 1n Item [1] or [2],
the carbon-supplying agent 1s mixed in the adhesive in
advance.

[4] In the steel sheet assembly specified 1n any one of
Items [1] to [3], the hardness of the formed weld 1s
higher than that of the steel sheets before being applied
with the adhesive and the carbon-supplying agent by 20
or more 1n terms of Vickers hardness.

[5] A method of manufacturing a steel sheet assembly
includes: applying, in advance, an adhesive and a
carbon-supplying agent to a surface of either or both
steel sheets to be lapped, the steel sheets having a
composition containing C: 0.4% or less, Si1: 3.0% or
less, Al: 3.0% or less, Mn: 0.2% to 6.0%, P: 0.1% or
less, and S: 0.07% or less on a mass basis, the remain-
der being Fe and inevitable impurities, and having a
tensile strength of 1,470 MPa or less and a thickness of
0.3 mm to 5.0 mm; lapping the steel sheets; and then
welding the steel sheets. A weld of the assembly has a
nugget diameter of 2.8Vt (mm) or more, where t
denotes the thickness of a thinner one of the steel sheets
on both sides of a weld interface. The amount of C 1s
increased by 0.02% by mass or more as compared to
the steel sheets before being applied with the adhesive
and the carbon-supplying agent.

[6] In the method of manufacturing the steel sheet assem-
bly specified 1n Item [3], the composition further con-
tains one or more selected from Cr: 0.05% to 5.0%, V:

0.005% to 1.0%, Mo: 0.005% to 0.5%, Ni: 0.05% to
2.0%, Cu: 0.05% to 2.0%, T1: 0.01% to 0.1%, Nb:
0.01% to 0.1%, B: 0.0003% to 0.0050%, Ca: 0.001% to
0.005%, and a REM: 0.001% to 0.005% on a mass
basis.

['7] In the method of manufacturing the steel sheet assem-
bly specified in Item [5] or [6], the carbon-supplying
agent 1s mixed in the adhesive in advance.

[8] In the method of manufacturing the steel sheet assem-
bly specified in any one of Items [5] to [ 7], the hardness
of the formed weld 1s higher than that of the steel sheets
betore being applied with the adhesive and the carbon-
supplying agent by 20 or more i terms of Vickers
hardness.

[9] A welding process used in the method of manufactur-
ing the steel sheet assembly specified 1n any one of
Items [3] to [8] 1s a spot welding process performed for
a heat time of 0.08 seconds or more using a convex
clectrode with a tip radius of curvature of 20 mm or
more or a tlat electrode such that the weld force F (kIN)
for mitial 0.03 seconds of the heat time satisfies the
following relational formula:

F<0.00125xTSx(1+0.75%L, ;)+3

where TS (MPa) denotes the average strength of the steel

sheets and represents the weighted mean value of the
thickness of each steel sheet, and t_,; denotes the total
thickness of the steel sheets (the sum of the thicknesses
of the steel sheets).
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The strength of a weld can be ensured by adding an
appropriate amount of carbon to the weld even 1n such a
state that strength due to bonding cannot be suiliciently
obtained prior to adhesive curing in a manufacturing process
of an assembly. Furthermore, the necessary strength of a
structure can be maintained by the strength of the weld even
in the case where the strength of the assembly 1n use and the
bond strength of the adhesive are reduced by temporal
changes.

DETAILED DESCRIPTION

Examples are described below.

The strength of a weld i1s increased by supplying carbon
to the weld through application of an adhesive and a
carbon-supplying agent to a faying surface. A means of
supplying carbon 1s not particularly limited. However, since
the carbon-supplying agent 1s supplied to a melted portion,
in a pressing step and a subsequent heating step 1n spot
welding, the spot welding needs to be performed without
completely discharging the adhesive from a melted portion-
forming range, so as the adhesive and the carbon-supplying
agent to be mcorporated within the melted portion when the
melted portion 1s grown.

Therefore, not only simply applying the adhesive and the
carbon-supplying agent, but also incorporating an appropri-
ate amount of carbon in the melted portion with a weld
stably formed 1s important.

Our steel sheets are described below.
Components of Steel Sheets

The steel sheet components need to contain C: 0.4% or
less, S1: 3.0% or less, Al: 3.0% or less, Mn: 0.2% to 6.0%,
P: 0.1% or less, and S: 0.07% or less on a mass basis, the
remainder being Fe and inevitable impurities. In descrip-
tions below, the unit “%” used to express the content of each
component refers to “mass percent.”
C: 0.4% or Less

When the C content of each steel sheet 1s more than 0.4%,
the weld becomes brittle and 1t 1s diflicult to ensure the
strength thereof 1n some cases. Therefore, the C content of
the steel sheet 1s 0.4% or less. The C content of the steel
sheet 1s preferably 0.3% or less and more preferably 0.25%
or less.
S1: 3.0% or Less

S1 15 a useful element contributing to increasing the
strength of steel by solid solution strengthening. However,
when the S1 content 1s more than 3.0%, deterioration of
toughness 1s caused by the increase in the amount of solid
solute S1. Thus, the S1 content 1s 3.0% or less. The S1 content
1s preferably 2.6% or less and more preferably 2.2% or less.
The lower limit of S1 1s not particularly limited. S1 1s an
clement eflective 1n suppressing the formation of carbides
and 1s useful 1n increasing the strength due to the increase 1n
amount of C 1n a melted portion. Therefore, the S1 content
1s preterably 0.02% or more and more preferably 0.1% or
more.
Al: 3.0% or Less

Al 1s an element effective 1n controlling the fraction of a
microstructure. However, containing more than 3.0%
increases the number of inclusions in the steel sheet to
deteriorate the ductility. Thus, the content 15 3.0% or less.
The content 1s preferably 2.5% or less and more preferably
1.5% or less. The lower limit of the Al content 1s not
particularly regulated, however, the reduction thereof 1s
costly. Therefore, the Al content 1s preferably 0.01% or more

and more preferably 0.02% or more.
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Mn: 0.2% to 6.0%

Mn 1s an element effective in strengthening steel and
necessary to strengthen the weld and the melted portion.
When the Mn content 1s less than 0.2%, such eflects are not
obtained. Therefore, the Mn content 1s 0.2% or more. The
Mn content 1s preferably 0.5% or more and more preferably
0.8% or more. However, when the Mn content 1s more than
6.0%, cracking occurs from solidification interfaces or grain
boundaries during solidification and cooling in some cases.
Theretore, the Mn content 1s 6.0% or less. The Mn content
1s preferably 5.2% or less and more preferably 4.7% or less.
P: 0.1% or Less

P 1s an element useful 1n strengthening steel. When the P
content 1s more than 0.1%, P segregates at solidification
interfaces or the like to cause embrittlement and deteriorates
the crashworthiness. Theretfore, the eflect of strengthening
the weld by the increase i the amount of P as 1n that of C
1s not obtained. Theretfore, the P content 1s 0.1% or less. The
P content 1s preferably 0.05% or less. The P content is
preferably minimized. However, reducing the P content to
less than 0.005% causes a significant increase in cost.

Therefore, the lower limit thereof 1s preferably about
0.005%.

S: 0.07% or Less

S forms MnS to serve as an inclusion and causes the
deterioration of crashworthiness. Therefore, the S content 1s
preferably minimized. However, the excessive reduction of
the S content causes an increase in manufacturing cost.
Theretfore, the S content 1s 0.07% or less. The S content 1s
preferably 0.05% or less and more preferably 0.02% or less.
Incidentally, adjusting the S content to less than 0.0005%
causes a large increase 1 manufacturing cost in a desulfu-
rization step. Therefore, from the viewpoint of manufactur-
ing cost, the lower limit of the S content 1s about 0.0005%.
N: 0.020% or Less

N 1s an element most significantly deteriorating the aging
resistance of the steel sheet and the content i1s preferably
reduced. When the N content 1s more than 0.020%, the
deterioration of the aging resistance 1s significant. Therefore,
the N content 1s preferably 0.020% or less. Incidentally,
adjusting the N content to less than 0.001% causes a large
increase 1n manufacturing cost. Therefore, from the view-
point of manufacturing cost, the lower limit of the N content
1s about 0.001%.

In the steel sheet, components other than the above are Fe
and 1nevitable impurities. Containing components other than
the above, necessary to improve other properties 1s not
refused unless the desired eflects are impaired.

For example, Cr, V, Mo, Ni, and Cu may be added for the
purpose of controlling the transformation of a second phase
during cooling to control hardenability. T1, Nb, B, and the
like may be added for the purpose of controlling the pre-
cipitation behavior of carbides and nitrides in consideration
of using precipitation hardening and the like. Furthermore,
Ca and a REM may be added for the purpose of improving
a negative nfluence of sulfides on the stretch-flange form-
ability by spheroidizing sulfides.

The additive amount (content) of each element 1s preter-
ably as follows: Cr: 0.05% to 5.0%, V: 0.005% to 1.0%, Mo:
0.005% to 0.5%, Ni1: 0.05% to 2.0%, Cu: 0.05% to 2.0%, 1xi:
0.01% to 0.1%, Nb: 0.01% to 0.1%, B: 0.0003% to
0.0050%, Ca: 0.001% to 0.005%, and the REM: 0.001% to
0.005%. If the content of each element 1s below the lower
limit of the above range the desired effects are not impaired.
Theretfore, even when the content of the element 1s less than
the lower limit, the element 1s regarded as an inevitable
impurity.
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Properties of Steel Sheets
In a steel sheet with a tensile strength of more than 1,470
MPa, the eflect of strengthening the weld by adding C to the
melted portion cannot be sufliciently obtained because the
steel sheet has high strength. Therefore, the strength of the
steel sheets 1s 1,470 MPa or less 1n terms of tensile strength.
The steel sheets mtended by a joining method include

those having a surface galvanized, galvannealed, or electro-
plated with Zn, Al, Mg, or an alloy thereof and further
chromate-treated or coated with a resin film.

Two or more of the steel sheets described above are
lapped and the adhesive and the carbon-supplying agent are
applied thereto, followed by welding. The thickness of each
steel sheet 1s not particularly limited by the joining method
and 1s usually 0.3 mm to 5.0 mm from the viewpoint of
practical use. When the thickness thereof 1s less than 0.3
mm, 1t 1s diflicult to ensure the strength of a member. A steel
sheet with a thickness of more than 5.0 mm 1s rarely used 1n
automobile bodies and 1s jomned by a method other than
resistance spot welding and weld bonding 1n general.
Adhesive
The adhesive may be applied to a faying surface of either
one of the two steel sheets to be lapped or faying surfaces of
both of the steel sheets. The adhesive may be one such as an
epoxy resin-based adhesive obtained by blending an epoxy
resin widely used 1n the field of automotive and the like with
a curing agent, filler, a modifier or the like, a modified
acrylic adhesive, or a polyurethane-based adhesive, the type
and components of the adhesive are not particularly limited
as far as the required properties are satisfied. In the adhesive
used, the components and the blending ratio thereof may be
appropriately selected depending on required properties
such as bond strength, durability, and cost.

The spread of the adhesive may be arbitrarily selected
depending on properties required of a faying surface and the
weld. However, when the spread is too large, it 1s dithicult to
control formation of a nugget. Therefore, the spread 1is
preferably 1.0 mm or less 1n terms of thickness and more
preferably 0.5 mm or less. In contrast, when the spread 1s
excessively small, there 1s a problem 1n that not only 1t 1s
difficult to incorporate a necessary component in the melted
portion but also the possibility of causing a region not
applied with the adhesive 1s high because 1t 1s difficult to
umformly apply the adhesive. Therefore, the spread 1s
preferably 0.01 mm or more and more preferably 0.03 mm
Or more.

Carbon-Supplying Agent

The carbon-supplying agent used may be a graphite
powder or carbon black. The carbon-supplying agent may be
provided on the adhesive applied to a surface of each steel
sheet. Alternatively, a prepared mixture of the graphite
powder and the adhesive as described above may be applied
to the steel sheet. The amount of the carbon-supplying agent
used 1s not particularly limited and may be determined such
that the increase 1 amount of C 1s within an appropriate
range as described below. A measure of the amount of the
carbon-supplying agent used 1s 2 mass parts to 30 mass parts
per 100 mass parts of the adhesive.

Welding Conditions

Welding conditions are described below. To stably obtain
an assembly, 1t 1s necessary that a convex electrode with a
tip radius of curvature of 20 mm or more or a flat electrode
1s used during spot welding, welding 1s performed for a heat
time of 0.08 seconds or more, and the weld force F (kN) for
initial 0.03 seconds satisfies relational formula:

F<0.00125xTSx(1+0.75%2, ;)+3
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where TS (MPa) denotes the average strength of the steel
sheets and 1s the weighted mean value of the thickness of
cach steel sheet and t_,, (imm) denotes the total thickness of
the steel sheets (the sum of the thicknesses of the steel
sheets).

For convex electrodes with a tip radius of curvature of less
than 20 mm, a suthcient efi

ect 1s not obtained 1n some cases
because the discharge of the adhesive and the carbon-
supplying agent proceeds excessively during pressing and
therefore the incorporation of carbon 1n the melted portion
1s insuilicient. To stably form the melted portion, the balance
between the welding current and the heat time 1s important
and the welding current needs to be increased when the heat
time 1s short.

When the heat time 1s less than 0.08 seconds, 1t 1s diflicult

to stably form a suflicient-size melted portion even if the
welding current 1s 1increased, because expulsion occurs
before the formation of the suthicient melted portion. Fur-
thermore, even when the heat time 1s 0.08 seconds or more,
when the weld force for 1nitial 0.03 seconds does not satisiy
the above relational formula, 1t 1s diflicult to suiliciently add
carbon to the melted portion because the discharge of the
adhesive and the carbon-supplying agent proceeds signifi-
cantly 1n an 1nitial heat period, and therefore it 1s difhicult to
obtain the specified weld 1n some cases.

Conditions to cure the adhesive after spot welding may be
selected on the basis of curing properties of the adhesive. In
the case of, for example, a thermosetting adhesive, a nec-
essary heat treatment may be performed by charging welded
members 1nto a high-frequency heater or a furnace. In this
curing step, the adhesive may be cured 1n association with
heating during painting when bake painting 1s performed in
a step after welding.

A spot welding machine may be any type of welding
machine such as a stationary welding machine or a gun-type
welding machine as far as not departing from the gist of the
present mvention. A welding power supply can be selected
from a single-phase alternating current power supply, a
direct-current power supply, a three-phase rectifier-type
power supply, a capacitor-type power supply and the like.

Furthermore, the following method may be used: a con-
trol method 1n which the resistance, the voltage and the like
are monitored during welding and the current or the heat
time 1s varied depending on the change thereof.

Nugget Diameter ol Assembly

The nugget diameter being 2.8Vt (mm) or more with
respect to the thickness t of a thinner one of the steel sheets
on both sides of a weld interface

Our methods are characterized 1n that the strength of the
joint 1s ncreased by hardening the weld. However, when the
nugget diameter is less than 2.8Vt (mm), an interface failure

Steel type

270 MPa-class cold-rolled

steel sheet

590 MPa-class cold-rolled

stee]l sheet

590 MPa-class GA steel sheet
080 MPa-class cold-rolled

stee]l sheet

OR0 MPa-class GA steel sheet
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occurs and therefore suflicient joint strength cannot be
ensured even though the weld 1s hardened. Therefore, the
nugget diameter is set to 2.8Vt (mm) or more [t: the thickness
ol a thinner one of the steel sheets on both sides of a weld
interface]. The nugget diameter is preferably is 3.5Vt (mm)
or more. The upper limit of the nugget diameter 1s not
particularly limited, however, the upper limit 1s preferably
1.2 times or less the tip diameter of an electrode in consid-

eration of the stability of occurrence of expulsion. A method
described 1 an example 1s used to measure the nugget
diameter.

Amount of C and hardness 1n melted portion of assembly
Amount of C i melted portion: increase by 0.02% by mass
Or more

Hardness of weld: hardening to a Vickers hardness of 20 or
more

The weld 1s hardened by supplying carbon to the weld
such that the strength of the joint i1s increased. This eflect 1s
obtained by increasing the increment of carbon 1n the weld
by 0.02% by mass or more. The increment 1s preferably
0.03% by mass or more. On the other hand, the increment of
carbon 1s preferably 1.3% by mass or less because the weld
becomes brittle 1n the case of extremely increasing the
increment of carbon. A method described 1n an example 1s
used to measure the mcrement of carbon.

The hardening value (the increment of hardness) of the
weld along with the increment of C 1s preferably 20 or more
in terms of Vickers hardness and more preferably 30 or
more. The upper limit of the increment of Vickers hardness
1s not particularly limited, however, the increment 1s pret-

erably 800 or less because of the suppression of significant
embrittlement.

EXAMPLES

Our assemblies, methods and processes are further
described below 1n detail with reference to examples. The
examples are not mtended to limit this disclosure and are
included in the technical scope of the disclosure.

An adhesive and a carbon-supplying agent were applied
to various steel sheets, containing components shown in
Table 1, having a tensile strength of about 270 MPa, 590
MPa, or 980 MPa except Sample Nos. 2 and 4 shown 1n
Table 2 (Tables 2-1 and 2-2 are collectively referred to as
Table 2), and the steel sheets were followed by spot welding
under predetermined conditions. Sample No. 2 was welded
without applying an adhesive and a carbon-supplying agent.
Sample No. 4 1s an example 1n which no carbon-supplying
agent was mixed with an adhesive. For a shape described 1n
the item “Electrode”, DR refers to a dome radius shape and

CF refers to a frusto-conical shape (in accordance with JIS
C 9305).

TABL.

(Ll

1

CDH]E onent !mass Eercent!

C S1 Mn P S Al N Cr
0.03 001 02 001 0002 0.03 0.003 0.01
0.08 0.3 1.5 0.02 0002 0.03 0004 0.02
0.10 0.1 1.7 0.01 0002 0.03 0004 0.20
0.12 1.2 1.9 0.02 0003 0.04 0003 0.02
0.14 0.1 24 001 0001 070 0004 0.02



Results are shown 1n Table 2.
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TABLE 2-1
Combination of sheets: Electrode
tensile strength Tip Tip radius
Sample (MPa) - steel type diameter of curvature
No (sheet thickness (mm)) Adhesive Shape (mm) (mm) Welding conditions Remarks
1 980 cold-rolled (1.0) - 980 Epoxy-based and DR 6.0 40 Weld force: 5 kN - welding current: Example
cold-rolled (1.0) graphite powder 5.5 kA - heat time: 15 cyc/50 Hz
2 980 cold-rolled (1.0) - 980 Not used DR 6.0 40 Weld force: 5 kN - welding current: Comparative
cold-rolled (1.0) 5.5 kA - heat time: 15 cyc/50 Hz Example
3 980 cold-rolled (1.0) - 980 Carbon- DR 6.0 30 Weld force: 5 kN - welding current: Example
cold-rolled (1.0) containing 6.5 kA - heat time: 15 cyc/50 Hz
epoxy-based
4 980 cold-rolled (1.0) - 980 Epoxy-based DR 6.0 40 Weld force: 5 kN - welding current: Comparative
cold-rolled (1.0) 6.5 kA - heat time: 15 cyc/50 Hz Example
5 980 cold-rolled (1.0) - 980 Carbon- DR 8.0 40 Weld force: 3 kN - welding current: Example
cold-rolled (1.0) containing 3.0 kA - heat time: 5 cyc/50 Hz
epoxy-based and
Weld force: 6 kN - welding current:
6.0 kA - heat time: 10 cyc/50 Hz
6 980 cold-rolled (1.0) - 980 Carbon- DR 6.0 40 Weld force: 7 kN - welding current: Comparative
cold-rolled (1.0) containing 7.0 kA - heat time: 15 cyc/50 Hz Example
epoxy-based
7 980GA(1.0)-980GA(1.0) Epoxy-based and DR 8.0 80 Weld force: 4 kN - welding current: Example
graphite powder 3.0 kA - heat time: 5 cyc/50 Hz
and
Weld force: 7 kN - welding current:
6.5 kA - heat time: 10 cyc/50 Hz
8 980 cold-rolled (1.0) - 980 Carbon-containing DR 8.0 40 Weld force: 6 kN - welding current: Comparative
cold-rolled (1.0) epoxy-based 7 kKA - heat time: 3 cyc/50 Hz Example
9 980 cold-rolled (1.0) - 980 Carbon-containing DR 8.0 8 Weld force: 5 kN - welding current: Comparative
cold-rolled (1.0) epoxy-based 6.2 kA - heat time: 15 cyc/50 Hz Example
10 980 cold-rolled (1.0) - 980 Carbon-containing  CF 6.0 Flat Weld force: 5 kN - welding current: Example
cold-rolled (1.0) epoxy-based 5.5 kA - heat time: 25 cyc/50 Hz
11 980 cold-rolled (1.4) - 980 Carbon-containing DR 6.0 120 Weld force: 5 kN - welding current: Example
cold-rolled (1.4) epoxy-based 7.0 kA - heat time: 15 cyc/50 Hz
12 590 cold-rolled (1.6) - 590 Epoxy-based and DR 6.0 40 Weld force: 3 kN - welding current: Example
cold-rolled (1.6) graphite powder .8 kA - heat time: 15 cyc/50 Hz
13 S590GA(1.6)-590GA(1.6) Carbon-containing DR 8.0 60 Weld force: 5 kN - welding current: Example
epoxy-based 8 kA - heat time: 12 cyc/50 Hz
14 270 cold-rolled (0.7) - 270 Carbon-containing DR 8.0 60 Weld force: 1.5 kN - welding current:  Example
cold-rolled (0.7) epoxy-based 8 kA - heat time: 5 cyc/50 Hz
15 270 cold-rolled (0.7) - 270 Carbon-containing DR 8.0 60 Weld force: 2 kN - welding current: Example
cold-rolled (0.7) epoxy-based 7.5 kA - heat time: 5 cyc/50 Hz
TABLE 2-2
Difference in hardness Tensile
Nugget Increment of from the case of shear
Sample 0.00125 x TS x  diameter carbon in weld applying no strength
No. (1 +0.75 x tall) +3 (mm) (mass percent) adhesive (HV) (kN) Failure mode  Remarks
1 6.1 4.1 0.059 69 16.1 Plug failure Example
2 6.1 4.1 — — 9.8 Interface failure Comparative Example
3 6.1 4.2 0.069 81 16.8 Plug failure Example
4 6.1 4.2 0.002 2 11.1 Interface failure Comparative Example
5 6.1 4.5 0.047 55 17.8 Plug failure Example
6 6.1 4.4 0.014 17 11.7 Interface failure Comparative Example
7 6.1 4.6 0.041 48 18.1 Plug failure Example
8 6.1 2.5 0.026 31 3.9 Interface failure Comparative Example
9 6.1 3.9 0.010 12 10.9 Partial plug Comparative Example
10 6.1 4.5 0.059 71 18.5 Plug failure Example
11 6.8 5.9 0.037 43 21.9 Plug failure Example
12 5.5 5.0 0.045 53 16.0 Plug failure Example
13 5.5 6.3 0.024 28 20.8 Plug failure Example
14 3.7 3.4 0.045 53 2.7 Plug failure Example
15 3.7 4.1 0.036 42 3.2 Plug failure Example

For “Combination of sheets” in Table 2, for example,
Sample No. 1 shows that cold-rolled steel sheets having a
| a tensile strength of 980 MPa class

her. “GA” 1n the column of “Com-

thickness of 1.0 mm anc
were welded to each of.
bination of sheets” represents a galvannealed steel sheet.

65

In “Adhesive” in Table 2, the expression “Epoxy-based
and graphite powder” means that an adhesive used was an
epoxy resin-based adhesive and a carbon-supplying agent

used was a graphite powder (after the adhesive was applied
to a steel sheet, the carbon-supplying agent was provided on
the adhesive). The expression “Carbon-containing epoxy-
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based” means that an adhesive used was an epoxy resin-
based adhesive, a carbon-supplying agent used was carbon
black, and carbon black was mixed with the epoxy resin-
based adhesive 1n advance. Furthermore, “Epoxy-based” for
No. 4 means that an adhesive used was an epoxy resin-based
adhesive and no carbon-supplying agent was applied.

A welding machine used was a direct-current resistance
spot welding machine. Welding was performed such that the
shape of the tip of each electrode, the weld force, the
welding current, and the heat time were varied. Alter weld-
ing, a joint was vertically cut in the center of a weld, a cross
section thereof was observed, and the diameter of a nugget
was measured. The amount of carbon in the weld was
determined in such a manner that five spots 1n a 200 umx200
um region in the nugget were measured using an EPMA and
the measurements were averaged. The quality of the joint
was evaluated for rupture strength and failure mode by shear
tensile testing 1n accordance with JIS Z 3136. The joint was
evaluated depending on the tensile shear strength and the
tailure mode. In particular, when the failure mode was “plug
tailure,” the strength of a weld was rated suilicient. When
the failure mode was “partial plug failure (partial plug in
Table 2)” or “interface failure,” the strength of a weld was
rated insuflicient.

The hardness of the weld was evaluated 1 terms of
Vickers hardness. The average of measurements of five spots
in the nugget measured under a test load of 300 gf was
defined as the hardness of the weld. Results of the increment
of hardness were shown 1n Table 2.

In Nos. 5 and 7 i Table 2, two-step welding was
performed and 1n the others, single-step welding was per-
formed. As 1s clear from these results, a faillure mode during
tensile shearing 1s improved from an interface failure to a
plug failure and the strength of each joint is increased.

The 1nvention claimed 1s:

1. A welding process used 1n a method of manufacturing
a steel sheet assembly comprising: spot welding steel sheets
performed for a heat time of 0.08 seconds or more using a
convex electrode with a tip radius of curvature of 20 mm or
more or a flat electrode such that the weld force F (kIN) for
initial 0.03 seconds of the heat time satisfies formula:

F<0.00125xTSx(1+0.75%2, ;)+3

where TS (MPa) denotes an average strength of the steel
sheets and represents a weighted mean value of a
thickness of each of the steel sheets, and
tall (imm) denotes a total thickness of the steel sheets.
2. A welding process used in a method of manufacturing,
a steel sheet assembly that comprises: applying, in advance,
an adhesive and a carbon-supplying agent to a surface of
either or both of steel sheets to be lapped, the steel sheets
having a composition containing:
C: 0.4% or less,
S1: 3.0% or less,
Al: 3.0% or less,
Mn: 0.2% to 6.0%,
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P: 0.1% or less,

and S: 0.07% or less on a mass basis,

the remainder being Fe and inevitable impurities, and
having a tensile strength of 1,470 MPa or less and a
thickness of 0.3 mm to 5.0 mm;

lapping the steel sheets;

and then welding the steel sheets, wherein a weld of the
assembly has a nugget diameter of 2.8Vt (mm) or more,
where t (mm) denotes the thickness of a thinner one of
the steel sheets on both sides of a weld interface, and
the amount of C 1s increased by 0.02% by mass or more
as compared to the steel sheets before being applied
with the adhesive and the carbon-supplying agent, the
welding process comprising:

spot welding the steel sheets performed for a heat time of
0.08 seconds or more using a convex electrode with a

tip radius of curvature of 20 mm or more or a flat
clectrode such that the weld force F (kN) for 1nitial 0.03
seconds of the heat time satisfies formula:

F<0.00125x TS (1+0.75xL, ,)+3

where TS (MPa) denotes an average strength of the steel
sheets and represents a weighted mean value of a
thickness of each of the steel sheets, and t_,, (mm)
denotes a total thickness of the steel sheets.

3. The welding process according to claim 2, wherein the
composition further contains one or more selected from the
group consisting of:

Cr: 0.05% to 5.0%,

V: 0.005% to 1.0%,

Mo: 0.005% to 0.5%,

N1 0.05% to 2.0%,

Cu: 0.05% to 2.0%,

T1: 0.01% to 0.1%,

Nb: 0.01% to 0.1%,

B: 0.0003% to 0.0050%,

Ca: 0.001% to 0.005%, and

a REM: 0.001% to 0.005%
on a mass basis.

4. The welding process according to claim 2, wherein the
carbon-supplying agent 1s mixed in the adhesive 1n advance.

5. The welding process according to claim 2, wherein the
hardness of the formed weld 1s higher than that of the steel
sheets before being applied with the adhesive and the
carbon-supplying agent by 20 or more 1n terms of Vickers
hardness.

6. The welding process according to claim 3, wherein the
carbon-supplying agent 1s mixed 1n the adhesive 1n advance.

7. The welding process according to claim 3, wherein the
hardness of the formed weld 1s higher than that of the steel
sheets before being applied with the adhesive and the
carbon-supplying agent by 20 or more in terms of Vickers
hardness.

8. The welding process according to claim 1, wherein the
convex electrode with a tip radius of curvature of 20 mm or
more or a flat electrode 1s a convex electrode with a tip
radius of curvature of 30 mm or more.

¥ ¥ # ¥ ¥



	Front Page
	Specification
	Claims

